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decay distributions and —> XsKl~ ]. 


1 A new method to extract Vtd/Vts 

The determination of the elements of CKM matrix is one of the most important 
issues in the quark flavor physics. In this talk, we study specifically VtdiVts- 
In the Standard Model with the unitarity of CKM matrix, Vts is approximated 
by —Vcb which is directly measured by semileptonic B decays. The unknown 
element |Vtd| can be extracted through Bd — Bd mixing. However, in Bd — Bd 
mixing the uncertainty of the hadronic matrix elements prevents us to extract 
the element of CKM with good accuracy. In this letter, we propose another 
method to determine iVtd/VisI with the decay distributions ^[B Xsl^l~ ] 
and > Xdl'^l~], where s is invariant mass-squared of . The idea 

stems from the fact that in the decays B —> Xql'^l~ {q = d, s), the short dis¬ 
tance (SD) contribution comes from the top quark loop diagrams and the long 
distance (LD) contribution comes from the decay chains due to charmonium 
states. The former amplitude is proportional to Vtq*Vth and the latter propor¬ 
tional to Vcq*Vcb- If the invariant mass squared of is away from the peaks 
of the charmonium resonances (J/V' and ip'), the SD contribution is dominant, 
while on the peaks of the resonances the LD contribution is dominant^. 

In SU(3) limit = rus, the ratio of the distributions 

^ ^ - Xdl+l-]/^[B - XJ+l- ] (I) 
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becomes if s is away from the peak of resonance J/V'- On the peak, the 

ratio becomes = A^, where A is Cabibbo angle, sinOc- In the intermediate 
region, there is characteristic interference between the LD contribution and 
the SD contribution, which requires the detailed study of the distributions. To 
summarize our prediction in the SU(3) limit: 


1 dR{s) 
A^ ds 


{l-pf+if (s^lGeV^), 


1 


m 


2^ 




( 2 ) 


In the following, we present the explicit formulae for the distribution as well 
as the numerical results for the ratio. 


2 The differential decay rates and the ratio 

Following the notation of Ref. [2], the amplitude of 6 ^ ql^l~ {q = d, s) can 
be written as^ 


M{h^ql+l-) = 


GpU 


V:,Vtk [(Cgf - Cio) (g-7M L b) (1^ L l) 

+ (^1? TC-io) iql^.Lb) (Irm) 
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where Gg® is given by. 


Cgf (s) ^ Gg <j 1 + 




uj{s) > + Ysd'^{s) + Fld®(s), 
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and q'' is the sum of the four momentum of l'^l~, s = q^ and s = sjmb'^. The 
function Ysd'^{s) is the one-loop matrix element of Og, and Yld'^{s) is the LD 
contributions due to the vector mesons J/V’j higher resonances. The 

function a;(.§) represents the 0{as) correction from the one-gluon exchange in 
the matrix element of Og. The function Ysd'^ can be found in the literature^, 
which is written as 
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In Eq. d), ~ SC®+C'^°^ ~ 0.38(0.12) while 3C;^°4c'f43C'^°4c'^°^ ~ 

—0.0014(—0.0035) for fj, = 5GeV{2.5GeV). Therefore the second term in 
Yld can be neglected. The parameter k is introduced so that the correct 
value for the branching fraction of the decay chain B XqJ/il) —> 
is reproduced. We choose = 0.88. The differential decay rate for 

the inclusive semileptonic decay has been calculated for B Xsl^l~ includ¬ 
ing the AgcD^/wf,^ power corrections. The result can be translated into 
B Xql + l- . 
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In the above expression, the branching ratio is normalized by Bsi for decays 
B —> {Xc,Xu)lvi- We separately write a combination of the CKM factor 


\Vt\Vth\ 

ization constant Bq is 


due to top quark loop from the normalization factor Bq. The normal- 


° f{rhc)K{mc) ’ 

where / ~ 0.54 is a phase space factor, and K{mc) — 0.85 includes 0{as) QCD 
correction and ^Irn^ corrections. The differential decay rate is not a simple 
parton model result. It contains non-perturbative llmb^ power corrections 
and are denoted by the terms proportional to Ai ~ —0.0087 and A 2 — 0.0052. 
Because of the smallness of these parameters, the correction is small compared 
with the leading parton model result for the region of s « {mi, — 

{q = d,s). 


3 Numerical Results and Summary 

From the present experimental value of AMd = 0.474 ± 0.031(ps“^), and from 
the analysis on R —> X^lv, we obtain the limits on (1 — and + 77 ^: 

{l-pf+if = 0.85(1 ± 0.15) {0.2/(RB^/2^B(GeV))}^ 

= [0.59 ±0.09,1.3 ±0.20] 

± ri^ = 0.36 ±0.09, ( 8 ) 

where we use the following values, rjqcD = 0.55, mt = 175(Gey) = 

0.041(±0.003) and A = 0.2205, Fb = 0.2 ± 0.04. Within the limits, we show 
how depends on (1 — p)^ ± 77 ^ and 4>i = arg{— )■ 

In Fig.l, we show the ratio for two sets of values for — 

p)^ ± one of which (1 — p)^ ± rf is minimum and the other is maximum. 
The ratios for the CP conjugate process B Xql^l~ are also shown. To 
summarize the numerical results: 

• The ratio at low invariant mass region ~ l{GeV^) is very near to the 
value of (1 — p)^ ± while on the peak of the resonance J/V') the ratio 
is almost 1. The value at low invariant mass region does not depend so 
much on whether the decaying particles are B or B. 

• For more details on this work, please see Ref. [4]. 
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Figure 1: The ratio versus s (GeV^) with two different values of (1 — + rj^. The 

solid curve corresponds to (1 — p)^ + = (20, 0.59), and the boxed curve corresponds 

to (20,1.33). The ratio for CP conjugate process B —> Xql'^l~ is denoted by the crossed 
curve for (1 — p)^ + = 1.33, and by the dotted curve for (1 — p)^ + p^ = 0.59. 
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